To retrospectively evaluate the pattern of recurrence and outcome of node-negative breast cancer (BC) according to major subtypes.
INTRODUCTION
Approximately one-third of patients with earlystage breast cancer (BC) experience disease recurrence after initial diagnosis.
1 BC site-specific recurrence patterns are influenced by classic prognostic factors, such as nodal status, histologic grade, and the status of hormone receptors and human epidermal growth factor receptor 2 (HER2) expression. [2] [3] [4] [5] In addition, BC recurrence varies considerably over time and is influenced by adjuvant therapeutic modalities. Despite recognized variability, most recurrences occur within the first 5 years of diagnosis. 3 However, in the subset of hormone receptor-positive BC, recurrences continue to occur even after 10 years from diagnosis, whereas in patients with hormone receptor-negative disease, recurrences occur earlier. 1, [6] [7] [8] The classification of BC has been evolving and now encompasses a group of heterogeneous genomically defined disease subsets. 9, 10 Genomic studies have defined four-major intrinsic BC subtypes: basal-like, which is mainly represented by triple-negative BC (estrogen receptor (ER) negative, progesterone receptor (PgR) negative, and HER2 negative); luminal A, represented by hormone receptor-positive tumors with low proliferative activity; luminal B, also mainly represented by ER-positive tumors but with high proliferative activity; and HER2-positive, represented by tumors with high expression of the ERBB2 gene.
JOURNAL OF CLINICAL ONCOLOGY
In light of the evolving classification of BC, limited information is available for each BC subtype with regard to patterns of disease recurrence with long-term clinical follow-up. This analysis describes the BC recurrence pattern according to subtypes defined by immunohistochemical (IHC) surrogates. A total of 1,951 patients with BC carefully followed since 1988 were included.
PATIENTS AND METHODS
We analyzed data from 1,951 patients with early-stage BC enrolled onto International Breast Cancer Study Group (IBCSG) trials VIII and IX between 1988 and 1999 [11] [12] [13] (Fig 1) . IBCSG trial VIII randomly assigned 1,109 assessable pre-or perimenopausal women with lymph node-negative BC. There were 1,063 patients randomly assigned to sequential treatment with six cycles of classical (oral) cyclophosphamide, methotrexate, and fluorouracil (CMF) followed by 18 months of goserelin, six courses of CMF alone, or 24 months of goserelin alone. 12 A no-treatment arm was discontinued (n ϭ 46). IBCSG trial IX randomly assigned 1,669 eligible and assessable postmenopausal women with lymph node-negative BC to sequential treatment with three cycles of classical (oral) CMF followed by tamoxifen for 57 months or tamoxifen alone for 5 years. 11 No patients in these trials received adjuvant trastuzumab, because it had not yet been approved.
The trial patients were followed every 3 months during years 1 to 2, every 6 months during years 3 to 5, and annually thereafter for survival and disease status, including sites of first recurrence and postrecurrence survival. Informed consent was required according to the criteria established within participating countries. The trial protocols were reviewed and approved by local institutional review boards, also in accordance with local requirements.
Pathology Assessment
Central pathology retrospective evaluation included ER, PgR, HER2, and Ki-67 labeling index (LI). A total of 827 patients (319 [29%] from trial VIII and 508 [30%] from trial IX) were missing central pathology evaluation of one or more of the four tumor features and hence were excluded (Fig 1) . Baseline characteristics of excluded patients were comparable to those included except that more of the patients who were included had tumors larger than 2 cm and of a higher grade compared with patients who were excluded (data not shown).
Expression of ER, PgR, and Ki-67 LI in the primary tumors was determined by IHC.
14,15 ER-or PgR-negative status was defined as less than 1% immunoreactive cells, in accordance with recent guidelines. 16 Ki-67 LI was reported as the percentage of cells that showed definite nuclear immunoreactivity with the antibody MIB-1 among 2,000 invasive neoplastic cells in randomly selected high-power fields (ϫ400) at the periphery of the tumor. 
Subtype Definitions
Tumors were classified into four subtypes by using IHC surrogates. A patient's tumor was considered triple negative (TN) if ER and PgR were both absent and HER2 status was negative; HER2-positive if HER2 was positive, subdivided into hormone receptor-positive (ER-and/or PgR-positive) and hormone receptor-negative (ER-and PgR-negative); luminal A-like (LA-like) if ER-and/or PgR-positive, HER2-negative, and Ki-67 less than 14%; or luminal B-like (LB-like) if ER-and/or PgR-positive, HER2-negative, and Ki-67 Ն 14%. The Ki-67 LI cutoff of 14% was selected to best recapitulate LA and LB intrinsic subtypes.
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BC-Free Interval and Sites of Recurrence
BC-free interval (BCFI) was defined as the length of time from the date of random assignment to any invasive BC recurrence (including ipsilateral or contralateral breast recurrence) and was censored at date of last follow-up or at date of death without recurrence. The first site of BC recurrence was defined hierarchically according to the worst site as follows: local (confined to ipsilateral breast or chest wall and including mastectomy scars), contralateral, nodal (including ipsilateral axillary, supraclavicular, and internal mammary lymph node metastases and distant soft tissue nodes), bone, or visceral (including bone marrow, lung, liver, and other organs). Overall survival (OS) was defined as time from random assignment to death as a result of any cause.
Statistical Methods
The 2 test and Fisher's exact test 18 were used to evaluate associations between BC subtypes and menopausal status, tumor size, tumor grade, peritumoral vascular invasion, primary local treatment (surgery and radiotherapy), and random assignment to a chemotherapy-containing regimen. The Kruskal-Wallis test was used to evaluate associations with age. 19 Kaplan-Meier estimates were used to estimate the event-time distributions, and log-rank test was used to compare the differences among the BC subtypes in terms of BCFI and OS. The kernel-smoothed hazard functions of BCFI were estimated on the basis of the method described by Allison. 20 Time to the first BC recurrence in a specific site was evaluated by using cumulative incidence analysis (Gray's test) and competing risks regression analysis to estimate subdistribution hazard ratios (HRs) and 95% CIs, 21 treating recurrences in other sites and death without recurrence as competing events. In the competing risks regression analyses, the differences among the BC subtypes were examined adjusting for potential risk factors, and the P values were calculated on the basis of a Wald test. Wald tests were also used to determine the interaction effect of treatment group and BC subtypes. If no significant interaction of treatment and subtype was observed for a specific site, the difference of time to first recurrence in that site was examined among BC subtypes for all patients. If significant interactions of treatment and subtype were observed for a specific site, the difference of time to first recurrence in that site was examined among BC subtypes by each treatment group separately.
RESULTS
A total of 1,951 patients with node-negative early-stage BC at a median follow-up of 12.5 years were analyzed and were classified as having LA-like (26%), LB-like (39%), HER2 (19%), or TN (16%) BC. Clinical and pathological characteristics according to BC subtypes are shown in Table 1 . Tumors larger than 2 cm and grade 3 tumors were more commonly observed among TN patients, followed by those with HER2, LB-like, or LA-like disease. Peritumoral vascular invasion occurred more often in HER2 tumors followed by TN, LB-like, or LA-like tumors. Breast-conserving surgery with radiotherapy was more common in LA-like patients, followed by LB-like, HER2, and TN patients. In total, 1,096 patients were assigned to receive chemotherapy and 855 were not. 
NOTE. Nodal and visceral recurrence were reported according to adjuvant treatment due to the interaction between treatment and recurrence at these sites (nodal interaction P Ͻ .001; visceral interaction P ϭ .007).
Abbreviations: BC, breast cancer; BCFI, BC-free interval; CT, chemotherapy; HER2, human epidermal growth factor receptor 2; LA, luminal A; LB, luminal B; TN, triple negative.
‫ء‬
Ten-year cumulative incidence % Ϯ SE. †P values are based on Gray's test. ‡Visceral recurrence may occur in one or more of the sites listed. Individual patients may be counted more than once. NOTE. Nodal and visceral recurrence were reported according to adjuvant treatment because of the interaction between treatment and recurrence at these sites (nodal interaction P Ͻ .001; visceral interaction P ϭ .007). Triple negative (TN) is the reference group in the model. Abbreviations: BC, breast cancer; CT, chemotherapy; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; LA, luminal A; LB, luminal B; TN, triple negative.
‫ء‬ P values are based on Wald test. †In patients randomly assigned to receive no CT, there was no nodal as first recurrence site in patients with LA-like subtype. For this group of patients, competing risks regression was performed on the LB-like, HER2, and TN subgroups using TN as the reference group.
BC Subtypes and Outcome
A total of 486 patients (25%) had a BCFI event (ie, BC recurrence). BCFI and OS were significantly different among the different subtypes. The LA-like subtype had a higher 10-year BCFI (86%) compared with LB-like (76%), HER2 (73%), and TN (71%) subtypes (P Ͻ .001; Fig 2A) . In the HER2 subset, hormone receptor-negative disease had worse BCFI outcome than hormone receptor-positive disease, but the difference was not statistically significant and was attenuated with long-term follow-up (P ϭ .40). HER2 and TN subtypes had a higher hazard rate in the first 4 years, and LA-like and LB-like subtypes had constant BCFI hazard rates over time. The LBlike subtype generally had a higher risk or hazard of BCFI event than the LA-like subtype (Fig 2B) .The estimated 10-year OS was 89% in the LA-like subtype compared with 83% in LB-like, 77% in HER2, and 75% in TN subtypes (P Ͻ .001; Fig 2C) . Median duration of survival from time of first disease recurrence was 3.4, 2.7, 1.6, and 1.9 years for LA-like, LB-like, HER2, and TN subtypes, respectively. Table 2 lists the numbers of events and the 10-year cumulative incidence rates of site-specific events over time according to BC subtype. Table 3 shows the subdistribution HRs and their 95% CIs from a competing risks regression model, adjusted for age, menopausal status, tumor size, tumor grade, peritumoral vascular invasion, primary local treatment, and chemotherapy received.
Site-Specific Recurrence Pattern According to BC Subtype
For time to first local recurrence, contralateral breast recurrence, and bone recurrence, no significant interaction of treatment group (chemotherapy v no chemotherapy) and BC subtype was observed (Fig 3) . The 10-year cumulative incidence rates and their subdistribution of HRs and 95% CIs are listed for the overall group (Tables 2 and 3) .
A significant interaction of treatment group and BC subtype was observed for nodal (P Ͻ .001) and visceral events as the first site of recurrence (P ϭ .007; Fig 4) . The 10-year cumulative incidence rates and their subdistribution of HRs and 95% CIs at these sites are presented according to treatment (Tables 2 and 3) . No significant differences were observed among the BC subtypes for time to first local recurrence and contralateral breast recurrence (Tables 2 and 3 ; Fig 3) . In contrast, patients with LB-like disease had a higher 10-year cumulative incidence of bone recurrence (5.64%) than all other BC subtypes (LA-like, 2.06%; HER2, 2.49%; and TN , 2.01%; Gray's test P ϭ .005; Table 2 ; Fig 3) . After adjusting for other potential risk factors, the LA-like HR was 2.57 (95% CI, 0.82 to 8.04), the LB-like HR was 4.54 (95% CI, 1.73 to 12.0), and the HER2 HR was 2.31 (95% CI, 0.80 to 6.68) relative to the TN subtype (overall P ϭ .005; Table 3 ).
For patients not treated with chemotherapy, TN patients had significantly more nodal recurrence (10-year cumulative incidence rate, 7.71%) than other subtypes (LA-like, 0%; LB-like, 3.39%; HER2, 1.23%; Gray's test P Ͻ .001; Table 2 ; Fig 4) . After adjusting for other potential risk factors, the LB-like HR was 0.25 (95% CI, 0.08 to 0.80) and the HER2 HR was 0.14 (95% CI, 0.02 to 0.77) relative to TN (overall P ϭ .04; Table 3 ). However, for patients receiving chemotherapy, no significant differences were observed (Gray's test P ϭ .17; Wald test P ϭ .30; Tables 2 and 3; Fig 4) .
Among patients not treated with chemotherapy, HER2 and TN patients had significantly more visceral recurrence (10-year cumulative incidence rate, 14.91% and 16.26%, respectively) than ERpositive patients (LA-like, 4.63%; LB-like, 3.67%; Gray's test P Ͻ .001; Table 2 ; Fig 4) . After adjusting for other potential risk factors, the LA-like HR was 0.29 (95% CI, 0.11 to 0.76), the LB-like HR was 0.28 (95% CI, 0.13 to 0.61), and the HER2 HR was 1.03 (95% CI, 0.54 to 1.96) relative to TN (overall P Ͻ .001; Table 3 ). Among patients treated with chemotherapy, HER2 patients had more and earlier visceral recurrence (10-year cumulative incidence rate, 11.36%), followed by TN (7.82%), LB-like (7.98%), and LA-like patients (2.88%; cumulative incidence of (A) local recurrence, (B) contralateral breast recurrence, and (C) bone recurrence over time according to breast cancer subtype. For time to first local recurrence, contralateral breast recurrence, and bone recurrence, no significant interaction of treatment group and breast cancer subtype was observed. The P values are based on Gray's test for comparing theGray's test P ϭ .003; Table 2 ; Fig 4) . After adjusting for other potential risk factors, the LA-like HR was 0.39 (95% CI, 0.13 to 1.19), the LB-like HR was 1.30 (95% CI, 0.68 to 2.48), and the HER HR was 1.57 (95% CI, 0.78 to 3.15) relative to TN (overall P ϭ .03).
The numbers of events at each visceral site (bone marrow, lung, liver, CNS, or other) by BC subtype are listed in Table 2 . Liver and lung were the most common visceral sites of recurrence for LB-like (3.0% and 2.6%) and HER2 (6.7% and 6.4%) subtypes. Liver was the most common visceral site for LA-like (2.1%) and lung was the most common visceral site for TN (5.8%) subtypes. The 10-year cumulative incidence of site-specific events according to hormone receptor status in the HER2 subset is provided in the Data Supplement. When compared with patients with HER2-positive hormone receptor-negative BC, HER2-positive hormone receptor-positive patients had a higher incidence rate of bone recurrence. For patients treated with chemotherapy, HER2-positive hormone receptor-positive patients had a relatively lower incidence rate of nodal recurrence compared with HER2-positive hormone receptor-negative patients. However, the overall numbers of those events were small.
DISCUSSION
This study demonstrates that patients with major subtypes of nodenegative BC have specific patterns of first recurrence over time. A major strength of this study is that the population comes from two large phase III clinical trials, and patients were carefully followed over a long period of time. In addition, determination of biomarkers (ER, PgR, HER2, and Ki-67) was performed in central laboratories with extensive BC pathology experience. A limitation of our study is that some of the adjuvant therapies administered in these trials do not represent current clinical practice (eg, chemotherapy was CMF-based, some patients with ER-negative disease received endocrine therapy, and no patients with HER2-positive disease received trastuzumab). In addition, defining molecular BC subtypes by using IHC-based surrogates has inherent limitations. In this analysis, 94 patients classified as HER2 IHC2ϩ (3.4% of IBCSG VIII and IX population) were excluded because of missing FISH results. IHC-based surrogates use a reduced set of biomarkers compared with genomic studies and were not expected to replace or classify patients with the same accuracy. Consequently, only an incomplete approximation to genomically defined BC subtypes can be achieved when biomarkers using IHC-based surrogates are assessed according to existing recommendations, 17 which is a limitation of our retrospective exercise.
In general, a nonselected node-negative BC population has a 20% to 30% recurrence rate at 10 years. 22 In this study, we found an overall BC-related event rate of 25% at 12.5 years of median followup. Survival outcomes observed for the BC subtypes defined in this analysis are similar to those reported for the genomically defined subtypes.
9,23-26 LA-like was statistically significantly associated with better BCFI and OS when compared with the other subtypes, and TN and HER2 subtypes had worse survival outcome over the initial years after diagnosis. Given that patients with the HER2-positive subtype did not receive adjuvant trastuzumab, its impact for this subtype needs further study in a more recent trial after adequate follow-up.
In a series dating from an era in which BC was solely classified as ER-positive or ER-negative, Saphner et al 3 wisely stated that "perhaps the long-term recurrence rate for ER-positive and ERnegative patients will be the same but with the ER-negative recurrences occurring more frequently in early follow-up and the ER-positive recurrences occurring in late follow-up." This series provides data in support of this statement and further demonstrates that the long-term recurrence rates for LB-like and ERnegative tumors are similar, with ER-negative recurrences occurring more frequently in early follow-up and LB-like recurrences occurring both in early and late follow-up. Interestingly, the continuous recurrence pattern previously reported for ER-positive BC is observed for both LA-like and LB-like subtypes, but with a continuously higher HR of recurrence over time for the LBlike subtype.
In addition to time-dependent recurrence pattern, important site-specific recurrence patterns were observed across BC subtypes. However, these results should be considered as hypothesis generating, and they require independent validation. No significant differences were observed for local recurrence or for nodal recurrence when treated with chemotherapy across the four BC subtypes, whereas significant differences were observed for nodal recurrence in the absence of chemotherapy. Previous studies reported a statistically significant lower occurrence of axillary lymph node metastasis in patients with TN when compared with patients with other subtypes, 27 ,28 but other research did not demonstrate such a difference. [29] [30] [31] In the largest series describing locoregional recurrence patterns across BC subtypes (including node-positive patients), an increased incidence of nodal recurrence was observed for basal-like (defined as TN and epidermal growth factor receptor or CK5/6 positive). 32 In contrast to studies including node-positive patients, our results showed similar local recurrence rates across the four major BC subtypes.
In a retrospective series using similar IHC-based surrogates such as the ones used in this study, bone was the most common metastatic site in all subtypes with the exception of basal-like (defined as TN and epidermal growth factor receptor or CK5/6 positive). 5 Previous series suggested bone as the most common metastatic site for ER-positive BC. [33] [34] [35] In our study, a higher incidence of bone metastasis was observed for patients with LB-like subtype.
As expected, higher rates of visceral recurrence occurred among TN and HER2 subtypes, evident over time in the absence of chemotherapy. However, with longer-term follow-up after chemotherapy, patients classified as LB-like eventually had a cumulative incidence of visceral recurrence similar to that of TN and HER2 patients. It is important to note that studies including nodepositive BC have reported increased incidence of CNS metastasis among HER2 and TN subtypes. [36] [37] [38] In a retrospective series evaluating CNS recurrence pattern, the 15-year cumulative incidence of brain metastasis among 4,000 node-negative patients was less than 1%.
2 This study corroborates a low incidence of CNS metastasis among patients with node-negative BC irrespective of subtype.
To the best of our knowledge, this retrospective study represents the largest series reporting outcome and recurrence pattern of patients with node-negative BC subdivided into its major subtypes. Dent et al 7 made the insightful observation that the time-dependence of an effect will be overlooked if the majority of patients have a short follow-up. Our retrospective results, based on a reanalysis of tumor phenotype, reinforce the need for long-term clinical follow-up in order to understand the pattern of recurrence of BC subtypes. However, results based on long-term follow-up can lead to the inclusion of patients treated in a noncontemporary fashion, which limits inferences on the effect of modern treatment approaches.
Defining the pattern of BC recurrence according to time after diagnosis and site of recurrence can provide useful information for guiding the development of surveillance recommendations and for designing future therapeutic approaches.
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